ABSTRACT Xyloglucan, isolated from the soluble extraceliular polysaccharides of suspension-cultured sycamore (Acer pseudoplawus) cells, was digested with an endo-,-1,4-glcanse purified from the culture fluid of Trkhoderma vwide. A n c e h Bio-Gel P-2 fraction of this digest inhibited 2,4-dichlorophenoxyaetic-aid-stimulated elontion of etiolated pea stem segments. The inhibitory activity of this oli de fraction exhibited a well-defined cncentration optimum between 10-' and 10-1 microgrms per milliliter. Another fraction of the same xyloglucan digest, rich in a s lly related heptasaccharide did not, at similar concentrations, signicantly inhibit the elongtion.
Xyloglucan, a hemicellulose present in the cell walls of dicots (2) , monocots (5) , and gymnosperms (9) , has been implicated in the process of auxin-stimulated elongation of etiolated pea stem sections. Labavitch and Ray (6) showed that incubation of excised pea stem segments with auxin increased both the rate of elongation and the amount of xyloglucan extractable with cold water from the stem segments. They suggested that auxin treatment resulted in the conversion of cell wall xyloglucan from a water-insoluble to a water-soluble form and thereby weakened the cell wall. Terry and Jones (8) obtained similar results using a technique designed to minimize contamination by cytoplasmic components. Furthermore, Verma et al. (11) have shown that auxin greatly increased the amount of xyloglucan-degrading endo-,B-glucanase activity in etiolated pea stems. Induction of endo-#-glucanase activity by auxin may provide a mechanism by which the solubilization of xyloglucan occurs during auxin treatment of plant tissues. These observations are also consistent with the hypothesis that enzymically modified xyloglucan plays a regulatory role in the process of plant cell wall elongation. In this paper, we present evidence that oligosaccharides produced by the action of endo--eglucanase on xyloglucan may, in fact, play such a role.
MATERIALS AND METHODS
Xyloglucan oligosaccharides were prepared from xyloglucan purified SEPS2 as described (2) Some ofthe initial experiments in this research, in which basesolubilized cell wall material was assayed for inhibition ofauxinstimulated elongation, were performed according to a protocol slightly different from that described above: stem segments were cut to an initial length of 10 mm; the incubation medium contained no antibiotic; and LAA (17 jsM), rather than 2,4-D, was added before the stem sections were floated on the medium. Base-solubilized sycamore cell wall mat (fraction B) was obtained by suspending 1 g of endopolygalacturonase-pretreated sycamore cell walls (1) in 200 ml 4 N KOH with 1 mg/ml sodium borohydride. The insoluble material was removed by centrifugation. The soluble material was simultaneously neutalized and desalted by addition of excess Dowex 50 (H+ form), and then it was filtered through GF/C (Whatman) to remove the resin. Table I ). The complex mixture ofcomponents in fraction B made it unrealistic to attempt to isolate and identify cell wall fragments from fraction B that messed the inhibitory activity. In addition, the complexity of this mixture made it difficult to assess the significance of the inhibition that this material caused. Nevertheless, that this fraction was solubilized from cell walls by a strong base suggested that one of its major components was hemicellulosic xyloglucan (2). These observations led to the remaining experiments described in this paper, which were performed with purified xyloglucan that was partially depolymerized enzymically rather than chemically. Purified xyloglucan, isolated from the soluble SEPS, was depolymerized by digestion with endo-P-1,4glucanase isolated from Trichoderma viride (2). The resulting oligosaccharides were fractionated by gel-filtration chromatography on Bio-Gel P-2 ( Fig. 1) . The P-2 elation profile was very similar to that previously obtained for the endo-fl,4-glucanase-digestion products of SEPS xyloglucan (2). The major endo-f-l,4-glucanase-destion products of SEPS xyloglucan have been well characterized (10) . These include the nonaaccharde and heptasaccharide illustrated in Figure 2 . The nonasaccharide and heptasaccharide fractions eluting from the P-2 column were pooled as indicated in Figure  1 . Previous work (10) 
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mined by GC and GC-MS analysis of the partially methylated alditol acetate derivatives, gave results very similar to those obtained for the nonasaccharide-rich fraction by Bauer et al. (2) and, thus, indicated that the major component of the fraction was the nonasaccharide depicted in Figure 2 .
The nonasaccharide-rich fraction was assayed for its ability to inhibit the 2,4-D-stimulated elongation ofstem segments excised from etiolated pea seedlings. The results of four experiments in which this fraction was assayed over a wide range of concentrations are summarized in Figure 3 . Maximum inhibition of the elongation response was observed when the concentration of the nonasaccharide fraction was 10-2 ug/ml, which is approximately 10-8 M, if one assumes an average oligosaccharide mol wt of I03 D. Thus, the concentration of nonasaccharide is at least 100-fold less than the concentration of 2,4-D in the incubation medium. When the heptasaccharide fraction was assayed at similar concentrations, no significant inhibition was observed.
DISCUSSION
A highly purified xyloglucan nonasaccharide-containing fraction was shown to be an effective inhibitor of the 2,4-D-stimulated elongation of etiolated pea stem segments. The dose-response curve for this fraction indicated that the observed inhibition was not due to a toxic component ofthe fraction, because toxins typically cause more inhibition at higher concentrations (7) . The observed inhibition was most probably not a result of direct nonasaccharide inactivation of the 2,4-D before it could induce a response, because the optimal molar concentration of nonasaccharide was approximately 100-fold less than that of the 2,4-D in the test solution.
The mechanism by which the nonasaccharide-rich fraction inhibits 2,4-D-stimulated growth is not known. The dose-response curve for the ability of the nonasaccharide-rich fraction to inhibit the growth of pea stem segments is similar in appearance to the dose-response curve for the ability of auxin to stimulate the growth of these segments: each curve exhibits a well-defined concentration optimum (4 play an important role in the development of the plant. One possibility is that these growthinhibiting fragments act as feedback inhibitors of auxin-stimulated growth. Another hypothesis is that, after they are released from the cell wall in the area of cell elongation by an auxininduced endo-,-glucanase and after they are transported down the stem, the fragments subsequently inhibit the growth of axillary buds and, thus, function as regulators in the phenomenon of apical dominance.
It has not been established whether the nonasaccharide depicted in Figure 2 is the biologically active component of the nonasaccharide fraction. Future work will involve separating and characterizing the components of this fraction; the goal is to determine the identity of the biologically active constituent.
The data presented here provide another example of the regulatory properties that oligosaccharides may exhibit in plant tissues (1) .
LITERATURE CITED
